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Preface

Occupational and Environmental Safety and Health III is a compilation of the
most recent work of some selected authors from 13 countries within the domain
of occupational health, safety and ergonomics.

This book represents the state of the art, and it is mainly based on research carried
out at universities and other research institutions, as well as some on-field inter-
ventions and case studies. Due to the broad scope, relevance and originality of the
contributions, it is expected that this book contains useful and up-to-date information,
and it presents fundamental scientific research that is being carried out in the subject,
as well as it contributes to the outreach of practical tools and approaches currently
used by OSH practitioners in a global context. All the included contributions were
selected based on their potential to show the newest research and approaches, giving
visibility to emerging issues and presenting new solutions in the field of occupational
safety, health and ergonomics.

This book is based on selected contributions presented at the 17th edition of the
International Symposium on Occupational Safety and Hygiene (SHO 2021), which
was held on November 17-19, 2021, in Porto, Portugal.

All the contributions included in this book were previously peer-reviewed by,
at least, two of the 112 members from 16 different countries of the International
Scientific Committee of the 2021 edition. The event is organised annually by the
Portuguese Society of Occupational Safety and Hygiene (SPOSHO).

Editors would like to take this opportunity to thank their academic partners,
namely the School of Engineering of the University of Minho, the Faculty of Engi-
neering of the University of Porto, the Faculty of Human Kinetics of the University of
Lisbon, the Polytechnic University of Catalonia and the Technical University of Delft.
The editors also would like to thank the scientific sponsorship of several academic
and professional institutions, the official support of the Portuguese Authority for
Working Conditions (ACT), as well as the valuable support of several companies
and institutions. Finally, the editors wish also to thank all the reviewers, listed below,
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who gave a critical contribution, without which it would not be possible to develop
and publish the current book.

Guimardes, Portugal Pedro M. Arezes
Porto, Portugal J. Santos Baptista
Porto, Portugal Jacqueline Castelo Branco
Guimardes, Portugal Paula Carneiro
Guimardes, Portugal Nélson Costa
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Porto, Portugal J. C. Guedes
Lisboa, Portugal Rui B. Melo
Guimardes, Portugal A. Sérgio Miguel
Porto, Portugal Gongalo Perestrelo
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Abstract Objective: This study aims at summarising the conclusions of the cul-
tural and technical adaptation process of the SafetyCard—Performance Scorecard
for Occupational Safety and Health Management Systems to the legislative and
organisational context of Brazil. Background: Safety management systems should
be imbued with a philosophy of improvement, enhanced by a capacity for per-
formance evaluation, as prescribed by the good practices in the field and the ISO
45001 standard. Method: The methodological adaptation process consisted of two
phases, the first focused on the cultural and technical adaptation of the parameters
and instruments that integrate the SafetyCard, and the second on its application in
an organizational context that could function as a basis for operational validation.
Results: All the procedures carried out made it possible to successfully complete the
adaptation process. The practical application in a company also demonstrated the
tool’s ability to maintain its configuration and how it integrates the main technical-
scientific and normative-legal requirements and recommendations on occupational
safety and health. Application: The adaptation increases the SafetryCard scope of use,
as well provides Brazilian organisations and safety professionals with an approach
that makes it easier for them to monitor system performance and comply with the
ISO 45001 guidelines.
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Keywords SafetyCard - Performance Scorecard + Occupational safety and health
management systems + Safety culture

1 Introduction

This article stems from a research developed with the aim of making a cultural and
technical adaptation of the SafetyCard—Performance Scorecard for Occupational
Safety and Health Management Systems to the legislative and organisational context
of Brazil. The main objective is to summarise data and conclusions of this adaptation
process, as well the experience of applying the SafetyCard in a waste collection and
public hygiene company in northeastern Brazil.

The performance evaluation and review of a management system are essential
pillars for the subsistence of any system, regardless of its nature (Neto 2012a). The
performance evaluation of occupational safety and health (OSH) organisational sys-
tems based, solely or mainly, on accounting for the frequency and severity of work
accidents, despite the importance of these procedures, is not in line with the current
principles of continued improvement and development of organisations (Neto 2009,
2012a,b; Mohammadfam et al. 2016; Freitas et al. 2018). This is not least because, as
Webb (2009) points out, the organisation’s ability to control this type of performance
indicators tends to be progressively limited. So much that ISO 45001: 2018 itself
recommends that it is essential that the performance of safety management systems
can be characterised by structured matrices of indicators. That matrices must reflect
gains associated with this area and entrepreneurial attitudes in the search for the best
working conditions.

The SafetyCard was developed by Neto (2012a) for application in the Portuguese
context, but considers the main international technical-scientific and normative-legal
OSH claims and recommendations, allowing the verification of an organisation’s per-
formance against a set of key factors of success in OSH (Neto 2009, 2012a). Its use
allows to obtain a global and structured view of what is the reality of an organisa-
tion in terms of OSH, being able to be adapted to the context and legal/normative
requirements in force in any country.

The fact that the original language of the tool is Portuguese facilitates its use
in other Lusophone countries, particularly in a country like Brazil that already has
a good legislative and normative framework on OSH. In this sense, adapting the
SafetyCard culturally and technically to the normative and organisational context
of Brazil is believed to be scientifically relevant, allowing the scope of its use to be
extended, and making it available to Brazilian organisations and safety professionals.
Although it is not a legal requirement, the voluntary use of the tool will facilitate the
control and performance assessment of their safety management systems. Moreover,
it also allows better compliance with the requirements of ISO 45001: 2018, namely
in terms of requirements 9.1 and 9.3, concerning to the obligation to evaluate the
performance of the OSH management system, incorporating proactive indicators and
benchmarking exercises, and requirements 4.1, 4.2 and 5.4, to demonstrate the effort
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that is being made to understand the organization and its context, to understand the
needs and expectations of workers, and to consult and promote workers’ participation,
respectively.

2 Materials and Methods

The SafetyCard is supported by its own analytical structure and a set of instruments
and procedures that enable the collection, processing and interpretation of data for its
application. In this manuscript, it will not be possible to explain all the SafetyCard
features, but some of its main aspects can be summarized. It is organized around
seven analytical domains, which integrate different analytical segments, which, in
turn, integrate a set of indicators (Neto 2012a,b). These indicators are, in essence,
the analytical parameters that favour data collection and a detailed assessment of the
company’s OSH conditions and actions.

The model considers 110 indicators that can be mobilised in their entirety or
partially, in the event that some parameters do not apply to the organisational reality
under study. This it is possible because the SafetyCard has a modular character. It also
considers a system of standardisation of performance results, so that all indicators
can be transformed to the same numerical basis (Neto 2009, 2012a). The entire
standardisation process was created to allow a transformation to a numerical binary
base, where each indicator always assumes results between zero and one, either in a
discrete or continuous manner (Neto 2009, 2012a). In addition, as not all analytical
elements of the matrix have the same relevance for a safety management system,
it also integrates a weighting system that allows the importance of each parameter
to be graded, allowing also the achievement of delimited variation ranges and the
construction of a rating scale for the partial and overall performance of the safety
system under evaluation (see Neto 2012a).

The 110 indicators are divided into 20 different analytical segments, which inte-
grate the seven analytical domains that form the conceptual basis of the analytical
structure (Neto 2012a,b). These domains can be briefly characterised as follows
(Neto 2012a,b): (1) Organizational Design—focuses on the structural and functional
arrangement of the management of OSH activities; (2) Organizational Culture—
focuses on the values, norms and standards of OSH behaviour in the organisation; (3)
Occupational Health Structure—focuses on the strategy and organisational approach
to occupational health; (4) Operational Structure for Hygiene and Safety at Work—
focuses on the organisational capacity to act in the prevention and implementation
of protective measures; (5) Internal Emergency Plan—focuses on the organisational
capacity to respond to emergency situations; (6) Monitoring, Measurement and/or
Verification Structure—focuses on the organisational capacity to assess, monitor and
intervene on the work environment conditions; and (7) Safety of Work Equipment’—
focuses on the organisational capacity to safeguard OSH integration in the acquisi-
tion, maintenance and use of work equipment.
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The methodological adaptation process consisted of two major phases. The first
was more focused on the cultural and technical adaptation of the parameters and
instruments that integrate the SafetyCard, with the following main procedures being
carried out: (i) setting-up and specification of the general legal and normative OSH
requirements applicable to organisations that carry out their activity in Brazil; (ii)
verification of the adequacy of the legal and technical requirements specified in the
SafetyCard and its data collection instruments; and (iii) verification of the adequacy
of the technical terms used in the data collection instruments to the grammatical
lexicon used in Brazil.

After the specification and framing of the legal and regulatory requirements, the
collaboration of two Brazilian OSH specialists was sought, who are also connected
to the Portuguese technical and scientific community in the field, with their presence
and collaboration being frequent in research and scientific events in Portugal. This
situation facilitated the verification of the characteristics of the instruments utilised
in data collection, as well their alignment with the legal and normative requirements
and terminology used in Brazil. As a result of this analysis, small changes were made
to these instruments, but there was no need to replace any indicator in the matrix,
only to adjust the application / compliance criteria of some indicators that had a legal
basis.

In the second phase, the focus was on the selection and application of the Safe-
tyCard in an organisational context that could serve as a basis for the study and
operational validation of the tool. In this stage, the following main procedures were
carried out: (I) selection and establishment of a partnership with a company to have
a practical context for the application of the SafetyCard; (ii) meeting with the OSH
managers of the company to understand their operating logic and specificities, as well
to finalize the work plan and data collection; (iii) visiting the organisation’s facilities,
participation in meetings with OSH technicians and analysing the documents made
available by the company to understand the characteristics of the safety management
system under study; (iv) application of the SafetyCard notation form to the organ-
isation’s OSH services, for carrying out the structural diagnosis of its management
system; (v) applying a questionnaire to a sample of workers to record a pattern of
shared attitudes, values and behaviours regarding OSH in the organisation. It was
used the QTCCS—Questionnaire to Workers about Occupational Safety Culture and
Climate, developed by Neto (2013) and adapted to Brazil by Neto et al. (2021).

As a case study, it was used a waste collection and sanitation company in the
Northeastern of Brazil, which was willing to participate as part of its frequent col-
laborations with members of the research team. It is a large company with national
implantation, but the study focused on the unit located in a city in the northeast of the
country. The data were collected and processed in 2019 and 2020. The SafetyCard
notation form was filled out by the company’s OSH services. The notes collected dur-
ing visits and meetings with technicians were used to understand and characterize the
company’s operation and management approach. The questionnaire responses were
collected randomly over five working days at the company’s facilities, seeking to
cover both work shifts (morning and night) and different types of workers. The data
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from the questionnaires helped to determine the company’s safety climate, being one
of the segments that enters into the assessment of the organizational culture domain.

In total, 200 questionnaires were validated. In sociodemographic terms, the major-
ity of respondents were male (85%), and were married or of a similar status (54.5%).
The youngest worker surveyed was 19 years old and the oldest 63, with an average
of 38.8 years. Most had completed formal schooling (higher incidence of cases in
middle school—2nd grade), and covered workers in both administrative or technical
areas (e.g. personnel management, safety technicians, technical assistants) and oper-
ational areas (e.g. waste collection, street sweeping/washing, weeding and mowing,
drivers, supervisors), with the majority of participants being integrated in the last
work area mentioned. The length of service with the company ranged from a few
months to 18 years. The average seniority was 5.2 years of service.

3 Results

The application of the SafetyCard in the company under study made it possible to
obtain a scoring grid with the results for the 110 indicators. Given the size of that
grid, it was decided to present a summary table in this article. Table 1 has these ele-
ments and allows an overall reading of the management system performance under
evaluation. The global score determined was 0.745, which in the light of the classifi-
cation grid of the SafetyCard global result (Neto 2012a), indicates good performance
(applicable when the score is between 0.700 and 0.850). This reveals a performance
effectiveness of 74.5%, with the remaining 25.5% being the performance improve-
ment differential to be improved in the future. In a more disaggregated reading, it is
possible to perceive which segments or domains in which the performance was bet-
ter or worse. The occupational health domain reveals a perfect performance (100%
effectiveness), with all the indicators being globally achieved. The Operational Struc-
ture for Hygiene and Safety at Work also reveals a positive result (88% efficiency),
namely in terms of organisation and technical operability of the OSH services and
focuses on prevention and protection. However, the work accidents component has
an unfavourable performance, partly due to the increase in the number of accidents
and the working days lost due to them, as well the maintenance of a high volume of
hours not worked due to illness.

The domains where the company showed the lowest performance were related
to safeguarding the safety of work equipment’ (58% of effectiveness) and internal
emergency management (59.3%). In the first case, the main problem was the lack
of integrating OSH aspects in the specifications for the selection and acquisition of
work equipment’ and the provision of instructions and other safety guidelines. As
for emergency planning, the main problem was the reduced assignment of roles and
responsibilities in emergency response situations.

The two domains mentioned were the ones that showed the lowest performance
effectiveness, and should be a priority for intervention. In any case, attention should
also be drawn to the Monitoring, Measurement and/or Verification Structure, which
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Table 2 SafetyCard results with original weightings and company weightings

Analytical domain SafetyCard results with original weightings | SafetyCard results with company weightings
Weightings | Results % Weightings | Results %
(%) (%)

1. Organisational design 5 0.035 70.0 15 0.105 70.0

2. Organisational culture | 20 0.147 73.5 15 0.110 733

3. Occupational health 10 0.100 100.0 15 0.150 100.0

structure

4. Operational structure 25 0.220 88.0 15 0.132 88.0

for hygiene and safety at

work

5. Internal emergency 15 0.089 59.3 10 0.059 59.0

plan

6. Monitoring, measure- 20 0.126 63.0 15 0.095 63.3

ment and/or verification

structure

7. Safety of work 5 0.029 58.0 15 0.087 58.0

equipment’s

Total 100 0.745 74.5 100 0,738 73.8

only achieved 63% of performance effectiveness. To a large extent, this lower per-
centage was due to insufficient control of environmental working conditions. The
assessment of the risk of exposure to various physical, chemical and biological agents
was already somewhat old (more than 2 years), and there are still some parameters
that have not been assessed (e.g. exposure to vibrations). Another opportunity that
could be considered has to do with the implementation of safety management sys-
tems in accordance with ISO 45001. It could improve the systemic approach, as the
company currently does not have certifications by any ISO standard.

Table 2 compares the results of the SaferyCard with the original weightings and
the weights assigned by the company. The tool allows the company under study to
assign its own weighting importance to each analytical domain under evaluation, in
order to understand if there would be relevant differences in performance compared
to what the original structure of the SafetyCard shows, and also to identify which
areas the company values most in its safety management system.

Although the company weights the domains differently, the overall value of per-
formance and effectiveness does not change significantly (74.5-73.8%). The classifi-
cation remains at the same level (good performance). The company’s OSH managers
chose not to differentiate the relevance of the domains too much. The original Safe-
tyCard structure established that difference, since safety system components are not
all of the same importance. They don’t contribute in the same way to achieve the
success in the accident prevention and healthy workplace promotion (Neto 2012a, b,
2013).
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4 Discussion and Conclusions

In the last two decades there has been a gradual increase in the interest of organisations
in the implementation of management systems (Neto 2009, 2012a, 2013), including
in the area of OSH itself. However, these systems presuppose continuous monitoring,
favouring indicators that provide constant information and enable preventive action
on hazards and risks in the occupational environment (Neto 2012a, 2013; Freitas
et al. 2018; ISO 45001:2018), as well the assessment of workers’ attitudes, values
and safety behaviours (Neto 2012a, 2013).

Safety indicators play an important role in providing information to an organisa-
tion on its safety management system performance (Reiman and Pietikdinen 2012;
Mohammadfam et al. 2016). The recognition and use thereof can be a motivating
factor for the stakeholders (Reiman and Pietikdinen 2012), namely for the workers,
and contribute to the enhancing organisation’s OSH potential.

The SafetyCard meets all of these requirements, having already demonstrated its
relevance in previous studies. Now with the successful completion of the cultural
and technical adaptation to the legislative and organisational reality of Brazil, the
tool’s scope of use can be increased. The practical application in a Brazilian company
demonstrated the tool’s ability to maintain its configuration and be applied in different
organizational contexts, regardless of the country, since it incorporates scientific,
technical, legal and normative requirements essential to the OSH area.

The results of this case study are evidence in themselves of the success of the
adaptation, but also indicate the type of analyses and conclusions that can be drawn
therefrom. Although the data has been explored briefly, some of its potential is clear.
The company under study showed a performance effectiveness of 74.5%, revealing
a good OSH performance. These data are comparable with other studies published
using the SafetyCard (e.g. Neto 2012a, 2013; Pereira and Neto 2020). Even if they
are from different industries, some trends can be signalled. All of these organizations
have a good or very good performance, largely because that they have a consolidated
OSH system and structure. The safety climate proved to be positive, with workers
showing a favourable level of safety internalisation and risk awareness, as well a
strong recognition of the company’s safety strategy and its ability to implement safety
rules. However, in the case of this waste collection company, this positive pattern
portrayed is also accompanied by the workers’ negative assessment of the quality
of safety communications in the organization. The same scenario was obtained by
Moreira and Neto (2019), demonstrating that the communication component is one
of the most challenging for the success of a safety management system (Moreira and
Neto 2019; Pereira and Neto 2020).

With this adaptation process completed, new challenges arise. It is true that this
article has some inherent limitations, in that it was not possible to fully develop the
research results, and also only data from a practical application case were presented.
However, the potential was portrayed and the main objective was duly achieved. The
investigation can now progress to another phase, aiming to further disseminate the
integration of the SafetyCard in the Brazilian organisational reality.
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The use of the SafetyCard in more organisations will help to consolidate the
adaptation/integration process. In addition, this increase in case studies will also open
up the opportunity to work on other aspects, such as, for example, the possibility of
creating a specific module with some exclusive indicators for the Brazilian context,
increasing the tool’s adjustment and the range of evaluation possibilities for OSH
professionals in Brazil. This version can reinforce the ability to monitor performance
and enhance the possibility of carrying out performance benchmarking exercises
between organisations or between production units of the same economic group.
The SafetyCard has great potential to favour performance benchmarking, another
aspect that can be explored in that second phase of the research.
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Abstract Disorders caused by poor lighting, inappropriate thermal environments,
noise and manual handling constitute a daily challenge for workers, since these
factors influence worker productivity and can trigger long-term health problems. It
is essential to ensure that workers carry out their tasks in suitable conditions, without
compromising technicians’ physical and psychological wellbeing, as well as their
hygiene and safety. In order to address these issues, the support provided by equations
such as NIOSH, noise assessment through spectral analysis or exposure time, as
well as assessment of lighting and the thermal environment, enable an evaluation
of workers’ conditions and the application of measures to guarantee worker safety.
The software tool Safe Work Space (SWS) was tested at a furniture manufacturing
company, and was developed to facilitate the daily work undertaken by hygiene
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and safety technicians, reducing the time spent on data treatment. Based on the
parameters of load movement, the results of the NIOSH equation [recommended
weight limit] and the lifting index are obtainable in fractions of a second. The SWS
tool also assesses lighting and thermal environment values which, according to the
references of the workplace location, provide results regarding lighting and room
temperature. Finally, a third feature evaluates noise by assessing the need for the use
of PPE (personal protection equipment) and, if necessary, it provides information
as to which equipment is available on the market. This tool is extremely useful for
professionals as it was specifically developed for the analysis of noise, lighting,
thermal environment and lifting loads, all in one.

Keywords Health safety work - Assessment tool + Noise + Lighting - Hazard
evaluation

1 Introduction

Conditions at work, or the lack of these, cause many physical and/or psychological
illnesses to workers. According to Karin et al. Karin et al. (2008), musculoskeletal
disorders (MSDs) are the most common work-related health problems in Europe,
affecting millions of workers. Furthermore, when workers are exposed to excessive
noise levels, their safety and health are also at risk, due to the fact that high noise
levels cause irreversible hearing loss. Indeed, stress resulting from time spentin a high
noise level environment has been associated to increased workplace accident rates
Rogca et al. (2020). Having appropriate lighting is not only a worker’s right; it is also
advantageous in enabling workers to be more productive and more accurate (able to
perform visual tasks even under complex circumstances, and during longer periods of
time). Moreover, absenteeism decreases when appropriate lighting in the workplace is
guaranteed Dianat et al. (2016); Begemann et al. (1997). On the other hand, incorrect
lighting can lead to several problems such as: lack of alertness, poor performance
and sleep, discomfort, fatigue, pain and burning eyes Knave (1984). This can, in
turn, also affect interpersonal relationships Juslén et al. (2007). Enabling workers to
control light sources can generate a very positive impact on their productivity (which
can increase by 4.5%) Lee et al. (2011). In addition, room temperature has led to
many occupational disorders, which disrupt worker performance and the quality of
work: in extreme cases, this can even lead to death. In the industrial context, thermal
discomfort is cited as being one of the major causes of dissatisfaction in workplaces
where people are exposed to extremely hot or cold thermal environments Mariana
etal. (2017).

The Safe Work Space (SWS) tool was developed to support Health and Safety
Technicians in identifying and analyzing the hazard related to the lifting of loads, as
well as issues such as noise, lighting and room temperature. This practical and intu-
itive tool allows users to obtain quick results after entering the collected data. The tool
verifies whether the working conditions are favorable and recommends alterations
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when necessary. For example, it recommends personal protection equipment (PPE)
models for cases in which the noise values are not within an acceptable range, and
also indicates improvement measures for load lifting tasks. The authors do not know
of any other tool which is as sophisticated as the SWS. For example, Serdyuk et al.
Serdyuk et al. (2020) developed a tool which uses the NIOSH equation (an equation
directly associated to load lifting); it is able to calculate the RWL (the recommended
weight limit), as well as the LI (lifting index). However, its format is neither user-
friendly nor intuitive. It is important to note that, unlike Safe Work Space, it does not
draw any conclusions regarding the LI values; nor does it suggest measures which
could be implemented to improve the lifting process and tasks analyzed. Regarding
noise assessment, the application developed by Piflosova et al. Pifiosova et al. (2018)
only assigned a color scale, without indicating any conclusions and/or recommen-
dations. This tool is innovative in the sense that it joins the analysis of the 4 strands
(noise, lighting, load handling and thermal environment) all in one. It also makes
recommendations for the improvement of the load handling tasks, and selects the
most appropriate PPE if the noise levels are higher than recommended. Brito et al.
Brito et al. (2020) developed a tool called ErgoSafeCI, using lean manufacturing
methods and guidelines, together in conjunction with safety and ergonomics fea-
tures, which were assessed with the ultimate objective of finding a way to improve
the workplace by considering workers’ efficiency and well-being. However, this tool
does not calculate the RWL, LI values or make recommendations regarding the use
of PPE. SWS will also serve as support for implementing the ISO 45001:2018 which
will establish and monitor the measurable annual Occupational Health and Safety
(OHS targets, by implementing a risk prevention program and carrying out internal
audits to evaluate OHS concerns Morgado et al. (2019).

2 Methodology

In the context of this study, and since a platform to facilitate the process in question
was identified, one considered it appropriate to develop an MS Excel®tool, using
Visual Basic code, to support decision-making in the process of hazard analysis. The
justification for the selection of this type of program (MS Excel®) ensues from the
fact that it is an extremely intuitive platform, to which any company on the market has
easy access. In order to reinforce the explored theme, one decided to use a company
which had previously been chosen, due to its track record of musculoskeletal injuries
and hearing damage, for the practical application of the tool. During this test, one
was also able to present suggestions to the organization, in accordance with the
characteristics of the workstation studied. The initial phase consisted of a survey
of existing software programs which would be suited to the theme, of which the
following should be highlighted: software for the implementation of the NIOSH
equation; and a software program to obtain and register noise data. In fact, it was
through this process that one expected to gain an understanding of the similarities
and differences between the programs already in use and the SWS tool. In terms of
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implementation, it was decided that the SWS tool would enable evaluating noise,
as well as the manual handling of loads and lighting. Indeed, the study of these
factors involves specific training, which includes a process of interpretation and
some indirect calculations in order to reach a final consideration. Thus, the tool will
allow for a presentation of desired information in a much more direct and intuitive
manner. One should also refer that no other hazards were selected for analysis, since
the examination of other factors is quite straightforward and merely visual. With
regard to the preparation of the tool on MS Excel®), one set up the necessary codes
and buttons to be used in future interaction with the user, which will make it possible
to operate the entire tool. As was previously mentioned, once the tool was completed,
it was tested by using real data from a company in order to assess the risks workers
were exposed to. This practical application generated data, which was extracted from
the software in question. This information was duly analyzed and commented on,
which then led to suggestions for improvements to be implemented in the respective
company.

3 Results

Taking into account the need to improve and facilitate the calculations carried out by
occupational hygiene and safety professionals, a tool was then created using Visual
Basic, where algorithms are available for the three abovementioned topics, namely:
lighting, noise, work environmental and the manual handling of loads. Accordingly,
the initial menu is presented in Fig. 1, where there are four respective buttons.

Safe Work Space

Fig. 1 Initial menu for the implementation of safety at work
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3.1 Noise

With regard to the assessment of noise, this application provides the user with two
options for the insertion of data: spectral analysis (Fig.2) and an analysis related to
exposure time. This versatility constitutes a relevant point since it allows the person in
charge of the occupational safety area to be able to evaluate noise by using a process
which is considered to be the most suitable, or by means of available measurement
equipment.

Thus, regardless of the process chosen, the application calculates the continuous
noise level weight equivalent A and, depending on this value, assesses the need (or
not) for personal protective equipment (PPE). If a possible need is detected, the tool
itself presents several options, providing images, suppliers and prices, in order to
facilitate the selection process for the user. It should also be noted that the options
presented consider the NP EN 458 (1998) standard; namely, they ensure that there
is neither excessive nor insufficient insulation. Manual Handling of Loads.

Regarding RWL (Recommended Weight Lifting) estimates, Occupational Health
and Safety professionals currently carry out several types of intermediate calculations
(multipliers related to horizontal and vertical locations, asymmetry and distance, as
well as coupling and frequency). By using the support provided by the Safe Work
Space tool (Fig. 3), and the collection of the required data, an answer can be obtained
in a few seconds. Using the NIOSH equation for RWL, if one aims to increase this
value, approximating the various multipliers to 1, the software will provide suitable
suggestions to address the context. The tool also enables calculating the LI, as well
as reaching a respective conclusion, namely, whether the situation is suitable or

Noise Evaluation
Noise Evaluation by Spectrum Analysis

Freq. (Hz) 63 125 250 500 1000 2000 4000 8000
LffaA) [ | I l— |__ [ |_ |_

LAeq Result | Clear Data |

LAeq: db(A) PPE Requirements:
Recommended PPE:
Description:
Supplier:

Price: Retura

- 1 L 1 SNR: Close Tab

Fig. 2 Noise evaluation by spectrum analysis
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Manual Handling of Loads *

Manual Handling of Loads
Application of the NIOSH equation
Fill the blank spaces:

Vertical location of the object in relation to the focr (V) Frequency - elevations per mimite (F) |

Distance the object is moved vertically (D) ‘

Dueaton (D) i

+ angle ox twsting requrement (A) “ 5 cmam-nmumaagawummiw -l

Cliek bere 1s see the 1able thas helys in the quabiracive quslificarion of coupling |

1 the hovizontal of the koad to the body is known (H), 8 in the blmik space below_ I not, select the option: Object depth (W) and 6 in the respective value in the
blank space

Horizontal location of the obyect relative to the body (F) j|

Click here to know measures to be applied to increase the
mulipliers and, consequently, increase the RWL obtained in this

specific situation
RWL (Recommended Weight Limit):
Do vou know the mass of the loaded object? Calculate the LT (Lifting Index):
Miass of the object carid by the opesator (Kg) ‘ LI (Lifting Index):
Calculate PLR Caleulate LT [ Close Tab Clear Data

Fig. 3 Manual handling evaluation using the NIOSH lifting equation

requires correction. In this manner, professionals will not have to invest as much
time in resolving calculations and will be able to draw conclusions more simply and
quickly.

3.2 Lighting

After the presentation of the manual handling of loads, the lighting component fol-
lows (Fig.4). In this context, it should be noted that this risk can be assessed for
various types of jobs, the selection of which is also possible. Accordingly, a study
can be carried out for places where activities classified as Class I, II, III or IV occur.
In the evaluation process, a framework is set up, which takes into account the type
of work and the amount of light required. This functionality thus clearly adds value
to workstation operations since, even if only indirectly, it allows one to adjust the
amount of light required for the conditions in question. The Safe Work Space (SWS)
tool is a preliminary tool for analyzing the occupational environment, so we consider
only the illuminance parameter for lighting as it is the most representative. Finally,
one should add that unlimited tests can be carried out and, additionally, that the
program can be closed when it is no longer useful.
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Fig. 4 Lighting evaluation
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3.3 Thermal Environment

Finally, there is also the possibility of evaluating the thermal environment (Fig.5);
namely, whether factors such as temperature, relative humidity and air speed are
suited to the type of task performed. Consequently, it is important to understand
that one can simultaneously perceive which values are appropriate, and which are
outside the limits. These minimum and maximum values must be presented in order
to inform the user of what would be expected for the workstation concerned.

3.4 Practical Validation

In order to test the viability of the tool, one decided to carry out a practical imple-
mentation at a furniture manufacturer, due to its track record of musculoskeletal and
hearing disorders. To this end, one selected a workstation where the operation of the
wooden board sawing takes place. For the evaluation of noise, by spectral analysis,
the Lf values measured on the shop floor were entered, which then allowed to obtain
an LAeq. In view of this value, the mandatory use of PPE was notified. This infor-
mation was supported by the presentation of 3 suggestions for equipment, one of
which is presented in Fig. 6.
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Fig. 6 Noise evaluation at the furniture manufacturer company

The next step consisted of an analysis of the operator’s movements when lifting
a wooden board weighing 15kg. One should mention that this required the operator
to carry out a complete torso rotation (180°), and that this movement was repeated
every 100s. The grip action was considered to be reasonable as the object in question
presented structural rigidity. Once all the data had been introduced, one obtained a
RWL value of 4.48kg. When the data was considered, it was concluded that the
situation required correction, since the LI exceeded 3, as can be observed in Fig.7.
In order to rectify this situation, several suggestions were presented to increase the
multipliers, with the ultimate purpose of improving the RWL value, as it is presented
in Fig.8.

With regard to lighting, the location of analysis was determined as being Class
I (a simple visual task that does not require much effort), with a measured value of
280 lux, which is within the recommended interval (250-500 lux). As such, this led
to a positive evaluation, as can be observed in Fig.9.

In the case of the thermal environment, the work was classified as being Heavy
Work Tasks; the values measured for temperature, humidity and air velocity were
within the recommended interval, as is observed in Fig. 10. As expected, the company
needs to implement measures regarding noise, as well as the manual handling of loads
and, to this end, the suggestions provided by the tool are crucial.
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Fig. 7 Manual handling evaluation at the furniture manufacturer company
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Fig. 8 Manual handling evaluation at the furniture manufacturer company
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Fig. 9 Lighting evaluation at the furniture manufacturer company
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Fig. 10 Work environment evaluation at the furniture manufacturer company

4 Conclusions

The tool developed provides assistance in the four desired areas of analysis in this
study: noise, manual handling of loads, lighting and thermal environment. Indeed,
the technical staff involved in these tasks had already expressed the need for a plat-
form to facilitate the calculation process, and one which would automatically draw
conclusions from the results obtained. Regarding the authors’ analysis of existing
tools, SWS seems to be more intuitive and pleasant, when compared to the one which
focuses on the application of the NIOSH equation. It also proposes improvements that
would enhance the conditions of the workers’ health and well-being. Other factors
are still being considered with regard to the LI. Furthermore, if one is to estab-
lish a parallel with the alternative found for noise assessment, although the SWS
requires an auxiliary device for data collection, it does all the work of processing
this information. It additionally draws conclusions and proposes recommendations
for PPE. Accordingly, it presents several options of protective equipment, which is
complemented by the characteristics required (supplier price and noise mitigation),
thus assisting in the decision-making process, and differentiating it from other tools.
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In general terms, none of the applications found is multifunctional; namely, they
are capable of assessing only one type of risk, whereas the SWS tool provides an
assessment of three types. In order to validate the viability of the application/tool, a
practical implementation was carried out at a furniture factory, which confirmed what
one intended to test: the tool detected the existence of problems due to noise and the
manual handling of loads. Subsequently, it suggested suitable PPE for the first case;
for the second, it proposed measures which would impact on RWL, thus reducing
values to minimize the existence of muskoskeletal disorders. With a view to future
improvements, it is considered appropriate to improve the risk assessment process
by means of the implementation of methodology of the simplified method. With
regard to the analysis of lighting, it would be suitable to present possible improve-
ment proposals for cases where the values measured are not within the recommended
parameters. The insertion of data also presents a potential for future development.
Indeed, this process would constitute an asset if the tool is automatic; namely, it would
be able to collect data autonomously, without the need for auxiliary equipment.
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in Greek Construction Sector—the Use oo
of Deviation in Accident Reports

Panagiota Katsakiori, Eva A. Sgourou, and Ioanna Konsta

Abstract Objective: This paper presents the Greek Labour Inspectorate statistics rel-
evant to occupational accidents in the construction industry for the years 20002017
and aims to explore patterns of all occupational accidents and fatalities among the
construction workers, especially in relation with deviations. Background: The con-
struction sector, due to its nature, is one of the most risky industries, occupying the first
place in terms of fatal accidents. Method: In this study, from the analysis of the data
derived from all published annual reports of Greek Labour Inspectorate, a statistical
analysis of incidence rates (IRs) and mortality rates (MRs) was conducted to reveal
the trend of occupational construction accidents. A further assessment of deviation
as defined by the European Statistics on Accidents at Work (ESAW) methodology
was performed. Results: From the statistical analysis, falls to a lower level, slips and
falls to the same level were related to the higher number of occupational fatalities
for the years 2009-2017. The deviation type has proved to be statistically significant
to the causation of all occupational construction accidents and of fatalities. Conclu-
sion: Findings could help towards comparing data from other countries in Europe
to formulate a European effective prevention strategy, taken into consideration the
probable underreporting of non-fatal occupational accidents in construction, and the
quality of statistical data. Application: Analysing national accident data can help to
assess a country’s performance in construction safety and design effective prevention
policies.
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1 Introduction

The construction industry has a disproportionately high rate of recorded accidents.
According to the International Labour Organization estimates, at least 60,000 people
are fatally injured in construction sites every year, while many hundreds of thousands
more suffer serious injuries and ill health (International Labour Organization 2003).
In Europe, according to data provided by Eurostat, the construction sector showed
in 2018 the highest number of fatalities and the third place in non-fatalities, as
shown in Fig. I (Eurostat 2018). The construction sector in Greece follows a similar
pattern. During the period 2000-2017 almost a half of the fatal occupational accidents
occurred in construction (www.sepenet.gr/liferayportal/15).

Statistical analysis of accidents in the construction industry have been performed
in various countries and have revealed the extent of the construction safety problem all
over the world (Kartam and Bouz 1998; Colak et al. 2004; Camino Lépez et al. 2008;
Lopez Arquillos et al. 2012; Dumrak et al. 2013; Yilmaz 2014; Ahmad et al. 2016;
Jo 2017; Ayob et al. 2018). Moreover, various studies have examined risk factors
related to construction accident causation. Shafique and Rafiq (2019) analysed the
factors related to month, day of week, time interval of day, province, accident type
and severity. Shafique and Rafiq (2019) and Choi et al. (2019) examined accident
type of occupational construction accidents. Széstak (2019) analysed accidents in

Fatal and non-fatal accidents at work by NACE section, EU-27, 2018
(% of fatal and non-fatal accidents)
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the construction industry in relation to selected time parameters. Reis (2018) defined,
in terms of importance in the occurrence of accident risk in construction, variables
referring to the worker, work and means and equipment used. Ayob et al. (2018)
conducted research in the causes and accidental agents of fatal occupational accidents
in the Malaysian construction sector and Yilmaz (2014) investigated causes and
results of occupational accidents in the construction sector in Turkey.

In Greece, data related to occupational construction accidents are available from
2000 until 2017 because of changes in the structure of the Greek Labour Inspectorate.
Before 2000, there was no provision for statistical data collection in the central
offices of the Ministry of Labour and Social Affairs. Since 2000, statistical data have
been collected by the Directorate of Programming and Coordinating, which is the
governmental agency in charge of accident statistics under the Greek Ministry of
Labour and Social Affairs.

In 2009 a new statistical coding, based on European Statistics on Accidents at
Work (ESAW) methodology (Eurostat 2001), was introduced. Greek Labour Inspec-
tors investigate the accidents reported by the Employers and write a formal inves-
tigation report, which serves as the basis for subsequent legal action. Based on the
investigation report, they also fill in certain statistical variables according to ESAW
methodology, which refer to working environment, working process, main type of
work or task being performed by the victim at the time of the accident, specific
physical activity, deviation, contact and mode of injury, material agent. Each year,
an Annual Report of the Greek Labour Inspectorate is compiled and published at a
later date. These reports present, among other activities of the Labour Inspectorate,
a part of the accident statistical analysis for that year. For the accidents occurring
in the construction sector, the only statistical variable made publicly available is the
deviation leading to an accident.

Deviation is described, according to ESAW methodology, as the last link in a
chain of abnormal events. It is the last event differing from the norm and leading
to the accident, and it describes the way in which the circumstances of the accident
differed from normal practice. Defining the deviation with specific codifiers helps
Labour Inspectorate to have a homogeneity in data gathering and in practice deviation
can represent the best possible input for cause-oriented prevention since it describes
the immediate cause of an accident (Jacinto and Guedes Soares 2008). It is foreseen
that there will not be an accident due to the lack of deviation because the deviation is
immediately before the accident (Calis and Kiigiikali 2019), so it can constitute one
of the immediate determinants on which to develop specific prevention programs
(Molinero-Ruiz et al. 2015) and it is therefore fundamental for decision making
towards well designed prevention strategies (Jacinto et al. 2016).

This paper analyses the Greek Labour Inspectorate’s official statistical data rele-
vant to occupational accidents in the construction industry for the years 2000-2017,
with an aim to identify patterns and future trends, especially in terms of the main
deviations, which cause occupational accidents and fatalities among the construc-
tion workers. The research subject is of particular importance since it aims to give
an overview of the situation in Greece in terms of the accident statistical analysis
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in the construction sector and examines the statistical variable of deviation from the
ESAW methodology applied throughout Europe at practice level.

2 Materials and Methods

Data for occupational accidents in construction were extracted from the official
website of the Greek Ministry of Labour and Social Affairs, in which the Annual
Reports of Greek Labour Inspectorate are published (www.sepenet.gr/liferayportal/
15). All published reports, for the years 2000-2017, were selected for this study.
Data on employees in the construction industry were collected from annual work-
force research, published by the Hellenic Statistical Authority (www.statistics.gr).

Accident incidence rates and mortality rates were measured using the following
equations (Eurostat 2020; International Labour Organization 2020). The total number
of occupational accidents presented in this study includes the fatal and non-fatal
occupational accidents, reported to the Greek Labour Inspectorate.

. Total number of occupational accidents
Incident Rate(IRs) = :

Total number of workers x 10°

. Total number of occupational accidents
Mortality Rate(MRs) =

Total number of workers x 10°

Data analysis was conducted using Statistical Package for Social Sciences (SPSS)
v.19. To analyse data on each accident deviation and their relationship, ANOVA
tests were performed. The pairwise comparisons between individual categories were
performed through the post hoc tests. P-values below 0.001 were acknowledged as
statistically significant.

3 Results

Occupational accidents (OA) and fatal occupational accidents (FOA) in all activity
sectors and in construction in Greece for the years 2000-2017 are presented in Table 1.

Occupational accidents, fatal occupational accidents and their percentage to total
accidents, incidence rates (IR), and mortality rates (MR) in the construction sector
for the years 2000-2017 are presented in Table?2. For the period under study, it is
observed that the incidence rates of accidents in the construction sector range from
170.24 occupational accidents per 100,000 employees in 2012 (lower) to 324.45
occupational accidents per 100,000 employees in 2002 (maximum). In terms of
mortality rates, they range from 6.47 fatalities per 100,000 employees in 2012 to
27.28 fatalities per 100,000 employees in 2001. The proportion of fatal occupational
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Table 1 Number of OA and FOA in all activity sectors and in construction in Greece for the years
2000-2017

Year OA all sectors OA construction | FOA all sectors | FOA construction
2000 4,032 765 127 66
2001 5,155 916 188 86
2002 6,021 1,058 153 80
2003 6,235 1,076 145 79
2004 6,333 925 127 81
2005 6,044 683 111 66
2006 6,255 797 128 61
2007 6,561 828 115 64
2008 6,657 872 142 61
2009 6,381 912 113 53
2010 5,721 581 94 36
2011 5,203 448 70 22
2012 4,858 342 64 13
2013 5,126 332 67 21
2014 5,497 398 63 18
2015 5,930 442 67 19
2016 6,515 436 73 13
2017 7,357 456 76 16
Mean 5,882 682 107 48

accidents in the total number of occupational accidents in construction ranges from
2.98% in 2016 to 9.66% in 2005. That year almost one in ten construction accidents
reported to the Greek Labour Inspectorate was a fatality.

Figures 1 and 2 present graphically the evolution of incidence rate and mortality
rate respectively, in the construction sector for the years 2000-2017. In Fig. 1, small
fluctuations in the value of incidence rate around the mean IR are depicted, while
in Fig. 2, an almost continuous downward trend in the value of mortality rate from
2001 to 2012 followed by a small increase and stabilization period are observed.

In terms of construction activity numbers and since there is no consolidated data
published for the whole construction activity for the period under study, the data
retrieved from the Hellenic Statistical Authority refer to construction permits for
private new-built properties, their volume and surface during 2000-2017. Table3
shows that private construction sector was booming before 2010 with a peak in
2005.

Table 4 presents the general deviation codes which were linked with construction
accidents for the years 2009-2017. Each code has a number of subcategories of devia-
tions leading to an accident, as it can be understood by their description. Furthermore,
the deviation code 00 (no information) is attributed to accidents for which not enough
information is available to relate them to a certain deviation, and the deviation code 99
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Table 2 Incidence and mortality rates in Greek construction sector for the years 2000-2017

Year Workforce | OA FOA % FOA IR MR

2000 300,096 765 66 8.63 254.92 21.99
2001 315,192 916 86 9.39 290.62 27.28
2002 326,086 1,058 80 7.56 324.45 24.53
2003 352,321 1,076 79 7.34 305.40 22.42
2004 357,069 925 81 8.76 259.05 22.68
2005 367,611 683 66 9.66 185.79 17.95
2006 367,308 797 61 7.65 216.98 16.61
2007 397,890 828 64 7.73 208.10 16.08
2008 397,255 872 61 7.00 219.51 15.36
2009 370,701 912 53 5.81 246.02 14.30
2010 319,623 581 36 6.20 181.78 11.26
2011 245,803 448 22 491 182.26 8.95
2012 200,898 342 13 3.80 170.24 6.47
2013 162,334 332 21 6.33 204.52 12.94
2014 151,624 398 18 4.52 262.49 11.87
2015 145,175 442 19 4.30 304.46 13.09
2016 147,090 436 13 2.98 296.42 8.84
2017 149,268 456 16 3.51 305.49 10.72
Mean 281,852 682 48 6.45 245.47 15.74

; 0o
§ 000

20000

15000

Fig. 2 Evolution of incidence rate in Greek construction sector for the years 2000-2017
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Table 3 Construction permits for private new-built properties, their volume and surface from 2000
to 2017

Year Number of permitsfor | Volume (m3) Surface (m2)
new built properties
2000 35200 50389208 13976780
2001 40448 57981269 16269724
2002 45195 64995536 18969174
2003 45253 65694798 18361774
2004 43447 61979467 17294032
2005 56342 88775762 25876755
2006 45406 67153393 18494123
2007 41790 62825628 16910545
2008 34021 51859356 13664965
2009 27447 35823008 9833690
2010 23380 27823083 7987904
2011 15114 16411950 4464072
2012 9066 9577553 2641200
2013 5675 6494208 1688735
2014 4620 6004603 1435481
2015 4618 5372321 1301613
2016 4305 5254169 1286560
2017 4930 7084135 1685326

(other deviations not listed) is attributed to accidents which are related to deviations
not included in the given list (Fig.3). It is observed that most construction accidents
during the period under study (1,398 accidents) were attributed to the deviation type
with general code 50 (Slipping, stumbling and falling—Fall of persons). Codes 00
and 99, which in the published data are presented as a total, were attributed to 985
accidents. The previous deviation codes are followed by code 30 (breakage, bursting,
splitting, slipping, fall, collapse of material agent) with 728 accidents and code 40
(loss of control of machine, means of transport or handling equipment, hand-held
tool, object, animal) with 618 accidents. In terms of fatal occupational accidents, as
shown in Table 5, the deviation code 50 shows the highest frequency (67 accidents),
followed by codes 00, 99 (56 accidents), and code 30 (42 accidents).

One-way analysis of variance (ANOVA test) was applied in order to compare
accident deviation types and assess their effects on incidence and mortality rates,
as shown in Tables 6 and 7 respectively. The results in Table 6 indicate that there is
significant difference between the means of incidence rates across the deviation types
(F = 59.737, p-value <0.001). The mean incidence rate of deviation type with code
50 (slipping, stumbling and falling—fall of persons) differs significantly compared
with all other deviation types, while the mean incidence rates of deviation types with
codes 30, 40 and 00, 99 also differ significantly in comparison with 6 other types of
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Table 4 Deviation types of occupational accidents in Greek construction sector

Deviation type Occupational accidents Total
ESAW | Description 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
code
10 Electrical problems, explosion, 24 20 9 8 7 5 10 11 9 103
fire
20 Overflow, overturn, leak, flow, 25 14 11 5 6 18 6 10 6 101
vaporization, emission
30 Breakage, bursting, splitting, 135 | 116 80 59 67 67 63 67 74 728
slipping, fall, collapse of material
agent
40 Loss of control of machine, 86 63 62 56 60 65 65 77 84 618
means of transport or handling
equipment, hand-held tool, object,
animal
50 Slipping, Stumbling and 286 | 176 | 150 |128 |104 |141 |128 |139 |146 |1398
falling—Fall of persons
60 Body movement without any 102 24 18 14 19 22 21 28 30 278
physical stress
70 Body movement under or with 17 15 12 11 7 7 10 16 9 104
physical stress
80 Shock, fright, violence, 6 2 4 1 6 7 1 3 2 32
aggression, threat, presence
00,99 | No information—Other 231 | 151 |102 60 56 66 | 138 85 96 985
deviations not listed
Total 912 | 581 |448 342 |332 |398 |442 |436 |456 |4347
30.00
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Fig. 3 Evolution of mortality rate in Greek construction sector for the years 2000-2017
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Table 5 Mortality rate per deviation type of occupational accidents in Greek construction sector

Deviation Mortality rate Mean
ESAW | Description 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
code
10 Electrical problems, explosion, 1.62 (031 |1.22 | 149 |1.85 | 1.32 |0.69 | 1.36 |0.67 |1.17
fire
20 Overflow, overturn, leak, flow, 0.27 |1 0.00 | 0.00 | 0.50 |0.00 | 0.66 |0.00 |0.00 |0.00 |0.16
vaporization, emission
30 Breakage, bursting, splitting, 297 |2.19 |2.03 | 1.00 |3.08 |0.66 |4.13 |1.36 |2.01 |2.16
slipping, fall, collapse of material
agent
40 Loss of control of machine, 027 1094 2.03 050 | 1.23 |0.00 |0.69 |0.68 |0.67 |0.78
means of transport or handling
equipment, hand-held tool, object,
animal
50 Slipping—Stumbling and 3.51 [4.07 | 1.63 | 1.99 |3.08 |5.94 |6.20 |3.40 |3.35 |3.68
falling—Fall of persons
60 Body movement without any 0.27 | 0.31 |0.00 {0.00 |0.00 |0.00 [0.69 |1.36 |0.00 |0.29
physical stress
70 Body movement under or with 0.00 | 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |[0.00 |0.00 |0.00
physical stress
80 Shock, fright, violence, 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |0.00 |0.00 |0.00 |0.67 |0.07
aggression, threat, presence
00,99 | No information—Other 5.40 |3.44 |2.03 | 1.00 |3.70 |3.30 |0.69 |0.68 |3.35 |2.62
deviations not listed
Table 6 Post-Hoc tests performed after one-way ANOVA, based on incidence rates
Deviation type
Deviation Mean IR 10 20 30 40 50 60 70 80 0-99
type (S.D.)
30 39.85 (6.60) | *** ok EEES e Hkk s
40 36.58 ok ok Hkk sk sk sk
(13.28)
50 77.17 ko seokok seokk L] stk *okE ko Fkk
(16.58)
60 14.35 (6.95) stk sk sk ok
(19.81)

**% indicates significant difference result at 0.001 level

deviation. The mean incidence rates of the rest of deviation types differ significantly
in only four out of eight comparisons among deviation types.

Similarly, in Table 7 it is observed that there is significant difference between the
means of mortality rates of all deviation types (F = 19.616, p-value <0.001). The
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Table 7 Post-Hoc tests performed after one-way ANOVA, based on mortality rates

Deviation type
Deviation Mean MR 10 20 30 40 50 60 70 80 0-99
type (S.D.)
10 1.170 sk
(0.505)
20 0.159 Hk %k ok etk
(0.257)
30 2.159 ok Hkk ok
(1.100)
40 0.779 ok
(0.590)
50 3.684 ook Aotk sk ok Hkk sk
(1.550)
60 0.292 sk ek
(0.464)
70 0(0) sokok sokek .
80 0.074 Hork sk .
(0.223)
00, 99 2.620 seokok sokk ek sestese
(1.620)

mean mortality rate of deviation type with code 50 differs significantly compared
with six other deviation types, deviation type with codes 00, 99 differs significantly
with four deviation types, while the rest of the deviation types differ significantly
with three or less deviation types.

4 Discussion

This paper presents the analysis of a large set of occupational accident data from the
Greek construction sector. These data were derived from the Greek Labour Inspec-
torate’s Annual Reports for the years 2000 to 2017, which are made publicly available
by the Greek Ministry of Labour and Social Affairs.

The evolution of incidence and mortality rates in the construction sector during the
period under study was initially examined. In general, the high accident rates in the
construction industry represent a major concern all over the world and are a subject
of analysis in numerous studies and statistics (Giircanli and Miingen 2013; Jo 2017;
Japan Industrial Safety and Health Association 2018; Reis 2018; Health and Safety
Executive 2019; Eurostat 2020; Shafique and Rafiq 2019). Our analysis revealed a
relatively low incidence rate, when compared to Europe’s countries (Eurostat 2020),
ranging from 170.24 occupational accidents per 100,000 construction employees in
2012 (lower) to 324.45 occupational accidents per 100,000 construction employees
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in 2002 (maximum). These findings can be related with the economic conditions in
Greece, at that time.

The major construction activity undertaken in Greece prior to the Athens Olympic
Games of 2004, has resulted in a significant increase in reported occupational acci-
dents (both fatal and non-fatal) (Tatsaki et al. 2019). The global financial crisis and
the resulting recession in Greek economy, since 2010, affected all types of business
activities, including construction (Anyfantis et al. 2018). However, this finding may
also be attributed to a high degree of under-reporting, especially of non-fatal occu-
pational accidents. This assumption coincides with the findings of Ivascu and Cioca
(2019) who supported that the current reporting systems in Europe do not encourage
victims in reporting occupational accidents.

When examining the pattern of mortality rate of occupational accidents in the
Greek construction sector, high rates are again observed in the years 2000-2004,
followed by a sharp downward trend until 2012. Moreover, it was observed that
during the period under study, a high percentage of reported accidents are fatalities
(mean 6.45%, max 9.66% in year 2005), a finding, which further supports the previous
assumption of under-reporting of non-fatal construction accidents.

Following the alterations in the statistical coding in 2009 based on ESAW method-
ology, and the introduction of the deviation codes in the official accident statistics
published by the Greek Ministry of Labour and Social Affairs, this study focused on
the deviations, which were linked with construction accidents for the years 2009—
2017.

A high incidence and mortality rate (second in place) was related with deviation
code 00 (accidents with no information) and code 99 (deviations not listed). A further
investigation regarding the training of Labour Inspectors in the implementation of
the ESAW methodology is required in order to ensure that the use of the above codes
is correct. This is an issue related to the quality of data analysis, which depends on
its inputs, as it was also indicated by Wilke et al. (2014). Another interesting subject
for further analysis could be the comparison with other countries implementing the
same methodology, because significant differences in statistics’ data collection is
often observed between countries, as it is also highlighted in the research of Choi
et al. (2019).

From the descriptive analysis of the sample, the majority of occupational acci-
dents and of fatalities in the construction sector during the period 2009-2017 were
attributed to falls to a lower level, slips and falls to the same level (general deviation
code 50). This finding is in agreement with other studies that identified falls as a
major cause of fatalities in the construction sector (Janicak 1998; Wong et al. 2009;
Yung 2009; Wong et al. 2016; Shao et al. 2019). The majority of the studies support
the need of wide use of fall protection, of suitable and well-maintained equipment
and of organizational preventive measures against falls and collapses in construction.

From the ANOVA tests performed, two more general deviation codes were iden-
tified as statistically significant in terms of incidence rates, the code 30 (breakage,
bursting, splitting, slipping, fall, collapse of material agent) and the code 40 (loss
of control of machine, means of transport or handling equipment, hand-held tool,
object, animal). Both codes cover a wide range of sub-categories, which due to lack
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of available data were not able to be further assessed. However, a direct linkage
of construction accidents with the use machinery and other equipment can be con-
cluded from the above deviation codes, which is also in accordance with other studies
(Chinniah 2015; Marsh and Fosbroke 2015; Kazan and Usmen 2018).

4.1 Limitations

The basic restriction of this study relates to the limited information available through
the Annual Reports of Greek Labour Inspectorate published in the official website
of the Greek Ministry of Labour and Social Affairs. Data on other variables related
to occupational accidents per sector, which are already coded in the accident inves-
tigation reports by the Labour Inspectors, would enable a more enhanced statistical
analysis in the future.

5 Conclusions

This study sought to investigate the trends of occupational accidents and fatalities
in the Greek construction sector, during the years 2000-2017. Moreover, a statis-
tical analysis of accident deviations since 2009 (the year that ESAW methodology
was introduced in Greece) was performed in order to examine the immediate causes
related to construction accidents, as identified during the accident investigation per-
formed by the Labour Inspectors.

The results show that construction incidence rate was relatively low during the
period under study, while the respective mortality rate was increased during the period
prior to Athens Olympic Games, and decreased sharply immediately after, possibly as
aresult of a shrinkage in construction activities following Greek economic recession.
Another finding of this study is a significant percentage of fatalities in the reported
construction accidents, which can be related to a high degree of under-reporting
of non-fatal accidents in construction, which coincides with the results of previous
research.

Regarding the results of the analysis of deviations attributed to occupational acci-
dents in construction, the major immediate causes identified are slips, trips (falls at
the same level) and falls to a lower level, a finding in total accordance with several
other studies. An additional finding is the frequent use of two deviation codes describ-
ing accidents with no information and accidents attributed to deviations not listed
in the ESAW methodology. A further investigation regarding the implementation of
the methodology by the Labour Inspectors is recommended.

In conclusion, accident statistical analysis can provide a valuable reference for pol-
icy makers and other stakeholders in order to design and coordinate safety improve-
ments in the construction industry. The results found in this study could be used
for the development of strategic actions both internally in Labour Inspectorates to



Analysis of Occupational Accidents in Greek Construction ... 37

enhance quality of statistical data and externally to encourage Employers to establish
effective accident reporting systems and thorough investigation of deviations related
to falls. A further assessment of other statistical variables would add to this purpose.

Acknowledgements The authors wish to thank all Occupational Health and Safety Inspectors
of the Greek Labour Inspectorate for providing the data and the team from the Directorate of
Programming and Coordinating, in charge of the accident statistics.
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Towards the Application of a Simplified )
Approach for OSH Risk Assessment oo
Through a User-Friendly and Expedite
Computational Tool

Pedro D. Gaspar ®, Joel Alves, and Tania M. Lima

Abstract Objective: This study describes a simplified computational tool to pro-
vide a simple initial diagnostic of occupational hazards and risks and help compa-
nies to implement innovative management practices in terms of Occupational Safety
and Health (OSH) to prevent work accidents. Background: The enterprises of the
non-financial business sector in the EU-28 are mostly micro, small and medium-
sized enterprises (MSMEs). Portugal follows this trend, where the largest industry
sector is the agri-food. Generally, the companies of this sector have reduced finan-
cial, technical and human resources, thus jeopardizing the quality and accuracy of
risks evaluation and the implementation of protective measures. Method: This study
explains a simplified approach for occupational safety and health risk assessment
through a user-friendly and expedite computational tool and its in-field application.
Data from sixty OSH audits executed in dairy, meat processing, bakery and horticul-
tural food processing companies in Portugal was analysed. Results: The spreadsheet
software, Excel, usually used by the managers of this sector was used to implement
the computational tool. It is divided into three “Sheets”: Risk assessment, Results
summary and Report with solutions. Conclusion: Thus, it is important to develop
OSH simplified risk assessment tools that helps Agri-food MSME to improve their
OSH management and ultimately contribute to the productivity and competitiveness
of this sector.
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1 Introduction

Small and medium-sized enterprises (SMEs) account 99.8% of enterprises in the EU-
28 (EU-OSHA 2018), In Portugal, this figure is even higher, where 96% are micro,
small and medium enterprises (MSME) (Pordata 2021). The European MSMEs
employ 66.4% of the labor market. In Portugal, this figure increases to 77.4% (Pordata
2021). Specifically, the agri-food industry accounts for 20% of the national industry,
ensuring employment for more than 110 thousand workers (FIPA 2017). Moreover,
the Portuguese exportation market depends in more than 11% in the agri-food indus-
try (AICEP 2019). Thus, the implementation of effective Occupational Safety and
Health (OSH) management systems in MSMEs is relevant. Due to financial, tech-
nical and human constrains, MSME usually assign the minimum resources only to
comply with the legal obligations. This management practice was a direct influence
on the quality and accuracy of risks evaluation. The approach was a direct influenced
on the preventive measures that can and are implemented. Although the relevance
and extent of the agri-food industry to the Portuguese economy, no specific OSH risk
assessment tools are developed or proposed. Several computational tools have been
developed to assess OSH risk in different sectors. A critical review of the state-of-
the-art in OSH risk assessment studies using multi-criteria decision-making-based
approaches was performed by Gul (2018). The OSH risk assessment in manufactur-
ing, construction, energy, transportation, and maritime industry is essential. Fuzzy
analytic hierarchy process-based approaches prevail among all other. Most of risk
assessment studies are related to manufacturing sector. Some computational tools to
perform risk assessments in different sectors are listed taking into account the cita-
tions number in the scientific databases: professional drivers (Useche et al. 2019),
textile industry (Amador-Rodezno 2005; Mutlu and Altuntas 2019), steel industry
(Mehrifar et al. 2019), construction (Bojar et al. 2019), paints industry (Paun et al.
2019), nanoparticles industry (van Duuren-Stuurman et al. 2016), power generation
plants (Saedi et al. 2014), health care (Franchi et al. 2000), hazardous substances
(Koppisch and Gabriel 2012) automotive industry (Karlheinz et al. 2012), chemical
industry (Tjoe-Nij et al. 2018). Despite its worldwide importance, there is no risk
assessment tools developed for the agri-food sector.

This chapter presents online free computational tools for simple OSH risks assess-
ment in agri-food MSMEs. These tools are directed to dairy, meat, bread/pastry and
horticultural product industries. A simple and expedite diagnostic of occupational
hazards and risks is provided by the tools, identifying successful practices and easy-
to-implement solutions for the prevention of occupational risks that can be carried
out.
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2 Materials and Methods

OSH audits were conducted in sixty agri-food MSMEs to support the development
of the risk assessment tools (Gaspar et al. 2018, 2019; Lourenco et al. 2019). The
main risks were identified through a survey of the OSH conditions in the workplace.
The main improvement actions were defined based on the inquiry results. Noise,
illumination and thermal environment measurements were conducted to strengthen
the analysis. The development of the online risk assessment computational tool was
conducted in close cooperation with the Portuguese Authority for Work Conditions
(ACT), as national Focal Point of the European Agency for Safety and Health at
Work (EU-OSHA), with the social partners Portuguese Enterprises Confederation
(CIP), Federation of Portuguese Agro-Food Industries (FIPA), Food Industry Work-
ers Union and the General Union of Workers (UGT). The computational tool was
prepared in the web platform OiRA (Online interactive Risk Assessment) developed
and supported by the EU-OSHA (https://oiraproject.eu). OiRA intends to simplify
and promote conducting risk assessments in MSMEs due to their potential resources
unavailability or technical know-how to in last instance decrease the number of
occupational accidents and diseases. Thus, working conditions may be improved as
well as competitiveness due to less monetary burden with occupational accidents
and illness. This objective is European driven although these specific OiRA tools
were developed to support the Portuguese meat, dairy, horticultural and bread/pastry
products sectors (Gaspar and Lima 2020).

3 Results

Simplified Workplace Safety Assessment Tool, FaST, is a simplified risk assessment
tool, easy to use, that aims improving working conditions through the assisting in
conducting an occupational risk assessment and presenting risk control solutions.
FaST is structured in the three sections (see Fig. 1). It starts with the Risk assessment
section composed by checklist. Filling out this checklist leads to the Results section
composed by a graphical overview of the risk control level. User is able to identify
visually the control level of the main risks. The third section is composed by a report
that contains corrective and preventive OSH measures for each one of the identified
risk.

The tool was developed for meat, horticultural, bread/pastry and dairy products
sectors. In addition, the horticultural products are split in 3 segments: canned, doughs
and sauces, and, sweets and jams. All of these main groups of agro-industry are
classified and structured by the analysis dimensions making part of the checklist
shown in the first section (see Table 1).

As described in Table 1, Meat Agro-industry present 18 dimensions of analysis, as
well the Bread/Pastry industry. All of the product segments of horticultural industry
have 17 dimensions of study. Finally, the industry of Dairy products current 15
dimensions for analyze.
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Fig. 1 Structure of the risk assessment tool

FaST does not requires internet connection or any software installation. It is also
important to highlight that the FaST Tool should be used as a “screening” tool and
then the complete “diagnosis” using the OiRA Tool designed specifically for Dairy
companies. This tool can also be used for workers’ training, since it is increasingly
important to integrate and involve workers in work systems in order to improve their
health, well-being and safety.

3.1 Tool Application

The tool is implemented in the spreadsheet software, Excel, usually used by the
managers of this sector. As already described above, it is divided into three “Sheets”:
Risk assessment, Results summary and Report with solutions.

Inthe “Risk Assessment” Sheet, the FaST Tool objectives and the questions related
to hazard identification are firstly defined. As shown in Fig.2a, each question from
the different dimensions of analysis should be answer with “Yes”, “No” or “N/A”
(Not Applicable). However, in order to obtain correct results and to promote the easy
use of the available risk assessment tool, exists important alerts that must be taken
in account. In the first place, before starting to fill the checklist, all the options are
“salmon” or “roasted yellow”, depending on the monitor, and only change to another
color when the desired option is set. Thus, this function allows to check that have not
left any statements to evaluate. When placing a cross (X) in the pretended option, all
the options in this line change color, passing to a white background, as shown in the
Fig.2b. Sometimes may can appear an error that happens when two or three options
for the same question were putted. In this case, the cells will change color, as will the
crosses, passing the background to pink and the crosses to the red color, as shown in
Fig. 2c, so that the user can easily perceive that he should analyze the question again
and leave only one option.
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Table 1 Dimensions of analysis from FaST checklist

45

Dimensions Meat Horticultural Bread/ | Dairy
pastry
Canned | Doughs | Sweets
and and
Sauces | Jams
Management of OSH at Work X X X X X X
Workplaces Installations X X X X X X
Thermal Environment, Lighting, |X X X X X X
Noise and Chemicals
Psycho-social Risks and Stress X X X X X X
Ergonomic Risks X X X X X X
Electrical Risks X X X X X X
Safety Machinery and Work X X X X X X
Equipment
Personal Protective X X X X X X
Equipment (PPE)
Containers Under Pressure X X X X X X
Reception/Storage of Primary X
Materials
Reception/Storage of Primary X X X X X
Materials - Stands and Shelves
Reception/Storage of Primary X X X X X
Materials - Conservation
Chambers
Reception/Storage of Primary X
Materials - Silos
Preparation of Ingredients X X X
Canned Confection X
Preparation of Doughs and Sauces X
Cooking of Sweets and Jams X
Preparation X
Use of Gas and Ventilation X
Oven X
Manufacturing Area X
Manufacturing Area - Surfaces X
and Work Plans
Manufacturing Area - Thermal X
Burns
Manufacturing Area - Hand Tools | X
Packaging Area X X
Primary Packaging X X X
Secondary Packaging X X X

(continued)
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Table 1 (continued)

Dimensions Meat Horticultural Bread/ | Dairy
pastry
Canned | Doughs | Sweets
and and
Sauces | Jams
Final Product Storage X X X
Final Product Storage X
Stands/Shelves
Final Product Storage-Cold X
Chambers
Finishing and Packaging X
Storage and Shipping X
Conservation Chambers X
Expedition X
Emergencies X X X X X X

At the end of the checklist, there is also, beyond the date, a space for the signature
of the person responsible for the evaluation (Fig. 2d), but this document can only be
signed after it has been printed. Another important detail is when by filling in the
checklist, the user can save the work done so that he can interrupt and resume this
activity whenever necessary. At the end of the checklist, there is a cell that updates
the fill date whenever a recording is performed, so the user can always know when
the file was last updated.

The synthesis of the results comes after completing the checklist and is presented
by means of a 2D bar graph that allows us to quickly verify the companies’ situation
related to the dimensions of analysis proposed. This represent the FaST tool second
section and it is exemplified in Fig. 3.

In order to know the percentage obtained in each dimension of analysis, the user
must place the cursor on the respective column and, thus, obtain the indication of the
exact value. Reading this graph should allow the user to make several observations:
in what dimensions of analysis the enterprise is at an adequate risk control level
and, in what dimensions of analysis will the enterprise have to make interventions
because the risk control is deficient or does not exist. In the case of the dimensions
of analysis that fall under an adequate risk control situation, the enterprise should be
vigilant to ensure that there are no changes that could interfere with current levels
of risk control and to continue adopting an attitude of continued improvement. For
dimensions with values below 100%, it is considered that risk control is not being
adequate or efficient, and there is, therefore, a need to promote initiatives to change.
After completing the checklist and careful reading of the graphical summary of the
results, the user should consult the “Report with Solutions” Sheet. In this section, a
set of options, proposals and alternatives are proposed that may allow to control the
risk inherent in each statement whose answer fell to the option “No” (See Fig. 4).
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Fig. 2 Structure and Alerts of the “Risk assessment” Sheet: a Checklist; b Desired option set;
¢ Error Alert; d Signature of responsible and Date of analysis

Thus, the report made available is not an end in itself but a window of opportunities
for improving working conditions in the company, by implementing measures that
translate into adequate control of risks.
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4 Conclusions

An online simple and expedite risk assessment tool was developed to help MSMEs
to managed OSH risks. It aims in the long run to allow MSMEs agri-food industries
to structure a well-implemented OSH service, with the main objective of reducing
accidents, occupational diseases and absenteeism. This result improves the quality of
work, and promotes productivity and competitiveness. Nevertheless, it is important
to highlight that the willingness, participation and commitment of employers and
workers is fundamental to turn these computational tools efficient and effective.

These tools can be further improved. A large sample of companies in each subsec-
tor will provide more detailed risk assessment. The measurements on noise, illumina-
tion and thermal environment in all workplaces will strength the results. Conducting
ergonomics and psychosocial risk evaluations will increase the spectrum of the tool
applicability.

The improvements concerning the management and prevention of work accidents
will be increasingly required due to the increasing importance of OSH related topics,
to the increasingly importance of the agri-food industry based on MSMEs.
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Abstract Objective: The aim of this study was to analyze perceptions of safety
culture in two Finnish industrial companies. Background: The link between safety
culture and safety performance has been investigated in many studies. However,
understanding of the status of safety culture and the specific needs for development
is still limited. Method: A recently developed safety culture maturity model was used
to analyze the level of safety culture through a survey of two Finnish companies.
A questionnaire was sent to 1109 respondents, 289 of whom completed it (26%
response rate). Results: The state of safety culture was rather advanced in both
case companies, and the personnel in both companies were overall satisfied with it.
However, the analysis indicated considerable differences in safety culture perceptions
within the companies. Particularly, top management and safety experts perceived the
state of safety culture as more advanced than employees did. Conclusion: There are
differences in perceptions of safety culture, especially between top management and
employees, which might hinder the development of safety culture in organizations.
By understanding such differences within an organization, it is possible to identify
appropriate managerial actions for different levels.
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1 Introduction

Many studies have shown that safety culture (or safety climate) is linked to safety
performance (e.g., Carde and Ragan 2003; Lee 1998; Stemn et al. 2019; Vinodkumar
and Bhasi 2009). Safety climate scores have been suggested as the most important
safety performance indicators (e.g., Hoffmeister et al. 2014). However, safety culture
can be difficult to measure, as it concerns individual and group attitudes, beliefs, val-
ues, and behaviors related to health and safety in an organization (Hale 2000), which
are difficult to quantify. To measure the level of safety culture in an organization,
maturity models are often used (Goncalves Filho and Waterson 2018).

Maturity models represent an anticipated, desired, or typical evolution path shaped
in discrete stages (Becker et al. 2009). They are valuable measurement instruments
because they allow the assessment of the current situation of a company, as well as the
identification of obvious development needs (Becker et al. 2009). Maturity of safety
can be defined as a certain level of effectiveness and performance in the management
of safety and occupational health and safety (Kaassis and Badri 2018). Recently,
Jadskeldinen et al. (2020) analyzed the maturity and performance implications of
safety performance measurement practices in industrial companies.

Several maturity models have been developed for safety culture evaluation.
Goncalves Filho and Waterson (2018) identified 41 different models. Typically, matu-
rity models provide one overall maturity score for an entire organization and do not
assess differences between organizational levels (e.g., Goncalves Filho et al. 2010;
Jespersen et al. 2016; Tappin et al. 2015). This is probably the result of earlier safety
literature, which suggested that a company should have a uniform safety culture
across all levels (Hale 2000). However, it is highly questionable whether attitudes
are the same at all levels (Guldenmund 2000). Several studies have identified dif-
ferences in safety culture between organizational levels (e.g., Clarke 1999; Findley
et al. 2007; Prussia et al. 2003; Tear et al. 2020). Accordingly, some maturity models
attempt to measure the state of safety culture between groups within an organization
(e.g., Parker et al. 2006). However, relevant studies are still limited.

To contribute to this research, this study aimed to analyze the state of safety culture
in two Finnish industrial companies and to identify differences between organiza-
tional levels. To that end, the study employed a recently designed maturity model
for safety culture and related survey tool (Tappura et al. in press), which is a synthe-
sis of previous maturity models with verified validity and/or reliability. The model
encompasses five main themes:

(1) communication;

(2) training;

(3) organizational learning;

(4) management and supervisor commitment;

(5) employee commitment and involvement.

Unlike previous maturity models, this model evaluates maturity by combining
written descriptions of best practices and the perceived satisfaction of employees in
the evaluated aspects.
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Table 1 Example of the maturity levels of a questionnaire item

Level Item: “working under pressure”

Level 1 It is common for employees to take shortcuts at
the expense of safety when under pressure

Level 2 Employees rarely take shortcuts at the expense
of safety when under pressure

Level 3 Employees do not take shortcuts at the expense
of safety when under pressure but rarely
intervene when someone else does

Level 4 Employees do not tolerate any unsafe behavior
even when under pressure

2 Materials and Methods

A self-evaluation survey was conducted in two participating Finnish companies.
Company 1 is an infrastructure builder (approximately 1400 staff). Company 2 oper-
ates in the chemical industry (approximately 200 staff). The survey tool was assessed
by fellow safety researchers and safety experts at the participating companies. Based
on their feedback, minor changes were made to the questionnaire to improve clarity
and ease of responding. The survey tool was based on a recently designed maturity
model for safety culture (Tappura et al. in press).

Invitations to complete an online questionnaire were sent to 1109 respondents,
and 289 completed responses were received (26% response rate). Of those, 252 (87)
were from Company 1, and 37 (13%) were from Company 2. The respondents were
from all organizational levels of the participating companies, from the operative
employee level to top management. The responses by respondent group were as
follows: top management: 10 (3%); middle management: 41 (14%); supervisors:
60 (21%); safety experts: 9 (3%); administrative employees: 28 (10%); and other
employees: 141 (49%).

The questionnaire consisted of 29 items organized in five main themes: (1) com-
munication, (2) training, (3) organizational learning, (4) management and supervisor
commitment, and (5) employee commitment and involvement. Each item was mea-
sured on a four-level maturity scale with written evaluation criteria of company
practices in the questionnaire. The answers were scaled from 1 to 4, where 1 rep-
resented the lowest and 4 represented the highest level of maturity (see example in
Table 1). Also, in each theme, satisfaction was rated on a 5-point Likert scale, where
1 represented very dissatisfied and 5 represented very satisfied (satisfaction scores).

Based on the safety culture levels and satisfaction scores, the final responses were
visualized in a maturity matrix (Jadskeldinen and Roitto 2015). In this matrix, the
closer an organization is to the top right corner, the higher its safety culture level
is, and the more satisfied with it the organization’s members are. The results were
discussed with the company representatives, but the further development actions
were out of the scope of this study.
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3 Results

The positions of the two companies in the maturity matrix according to the survey
results are shown in Fig. 1. The averages of the two companies were very similar.
Both companies had fairly advanced safety practices and were overall satisfied with
their respective safety cultures. However, the results showed that there was still room
for development regarding the overall safety culture maturity in both organizations.
The observed overall safety culture level was slightly below Level 3—that is, below
the levels that typically represented a more proactive attitude toward safety (i.e.,
Levels 3 and 4). The overall satisfaction scores were between 3 and 4, which repre-
sented neither satisfied nor dissatisfied and satisfied, respectively. Taken together, the
results indicated not only that there was room for improvement but also that the staff
perceived a need for development, as suggested by the moderate level of satisfaction.

When the safety culture levels were calculated separately for each theme, the
results showed that most themes were at a similar level (Fig.2). The training theme
scored the lowest. Within this theme, the items “training of supervisors” and “training
systematization” had the lowest scores. However, satisfaction with training was not
lower than the levels of satisfaction in other themes. The employee commitment
and involvement theme had the second lowest safety culture level and the lowest
satisfaction score. The lowest-scoring items were “employees’ actions for safety”
and “working under pressure.” These results indicated that employees participated
in safety development mostly through incident reporting and rarely intervened when
others took shortcuts at the expense of safety.
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When the maturity levels were analyzed according to the respondent groups
(Fig.3), a clear trend emerged. Safety experts and top management were closest
to the top right corner of the matrix, supervisors and middle management were in the
middle, and employees were separated from the rest and located more on the left.
Safety experts and top management clearly had more positive perceptions of safety
culture than the other respondent groups did, whereas employees perceived safety
culture as less advanced than the other groups did and were less satisfied with it.
Thus, perceptions of safety culture seemed to follow the organizational hierarchy.
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These differences were also visible in the responses to the individual items. For
example, in the communication theme (Fig.4), the trend was seen especially in the
‘supervisors’ interest in communicating safety issues to the workforce” and “orga-
nization’s way of sharing safety-related information” items. Top management and
safety experts perceived a greater interest on the part of supervisors in communi-
cating safety issues than the other groups did. Likewise, top management perceived
the way in which safety-related information was shared to be more advanced than
the other groups did. These results suggest that the approach to information sharing
might be quite advanced at higher organizational levels, but the information does not
reach the lower levels. The same trend was observed in most other themes, except for
the employee commitment and involvement theme, where the differences between
respondent groups were not as large.

The results of each company were also analyzed separately. As seen in Fig. 1,
the overall results and the results of each theme were similar. In both companies,
top management clearly had a more positive perception of safety culture than the
other respondent groups did, and the overall score corresponded to the respondents’
position in the hierarchy.

4 Discussion

This study investigated the level of safety culture in two Finnish industrial companies.
A recently developed safety culture maturity model (Tappura et al. in press) was used
for the analysis. The results showed that the level of safety culture was relatively
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high, and the participating companies were overall satisfied with it. Nevertheless, the
findings suggest that both companies could further develop their respective safety
cultures. Particularly safety training practices were not very advanced, even though
respondents were quite satisfied with them. Employee commitment and involvement,
which is often considered the most safety-critical theme (e.g., Hamid et al. 2008),
had the lowest satisfaction score and the second lowest safety culture level.

The results also shed light on the differences in safety culture between organiza-
tional levels. The analysis by respondent group revealed significant differences in the
perception of safety culture aspects, especially between top management and safety
experts on the one hand and employees on the other. The perception of and satisfaction
with safety culture seemed to reflect the respondents’ hierarchical level. Top man-
agement tended to overestimate the state of current practices, especially practices for
which top management is responsible (e.g., communication and employee training),
whereas employees were the most critical and least satisfied with the safety culture.
These results are in line with Clarke (1999), Findley et al. (2007), and Tear et al.
(2020), who also reported significant differences in safety culture between organi-
zations’ hierarchical levels. A maturity analysis of safety performance measurement
practices by Jadskeldinen et al. (2020) indicated the same phenomenon.

Our findings suggest that all organizational levels should be included in safety cul-
ture evaluations, and the results should be analyzed separately. When it is not possible
to cover an entire organization, the results of one organizational level should not be
generalized to the overall state of safety culture in the organization. By understanding
the differences within an organization, it is possible to identify more specific ways
of improving the safety culture for different organizational levels. For example, by
identifying differences in safety communication perceptions between top manage-
ment and employees, this issue could be addressed with a specific plan to improve
the flow of information between levels. Treating safety cultures as uniform across
organizational levels may conceal important issues. Although Taras et al. (2009)
highlighted this aspect when describing the best practices for culture measurements,
this issue remains underexplored in the safety culture literature.

The similar results of the two case companies suggest that the state of safety culture
is not industry-dependent. Previous research (e.g., Hale et al. 2010; Killimett 2006;
Veltri et al. 2013; Yorio and Wachter 2013) has also indicated that contextual factors
(such as the industry or the competitive environment) do not predict safety culture.
Other factors, such as leadership, seem to influence safety culture and distinguish
successful from unsuccessful organizations.

This study has certain limitations. First, although the results are based on two
companies, most responses (87%) were from Company 1. Therefore, the findings
may be more representative of that company than of Company 2. Second, both
companies were from Finland, which may limit the generalizability of the results.
Further qualitative studies using the same maturity model in different regions and
with more case companies could enhance the reliability of the results. Finally, the
results were concurred with the company representatives, but no further interpre-
tations were made. In further studies, the results could be statistically analyzed to
better understand the division of the scores in the different groups, as well as the
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relationships between different dimensions and overall satisfaction related to safety
culture in an organization.
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Prevention of Occupational Risks m)
in a Construction Site Using BIM L

Manuel Tender ® and Joao Pedro Couto

Abstract Changing the document commonly used to manage occupational risks in
construction in Portugal, the Safety and Health Plan, to the Building Information
Modelling (BIM) format will be inevitable, as is already happening with other spe-
cialty projects. The management of the construction site is a part of that plan and it
is important to obtain good logistic and financial results. However, it is also impor-
tant due to the risks it creates for workers and third parties. This paper shares the
first approach, in Portugal, to using 3D, 4D and 5D BIM to the construction health
and safety site management, using a case study, and validates the approach with a
comprehensive survey. The conclusions are that this approach allows for a better
perception of risks and preventive measures; the improvement of the training level
implemented; a better logistic and financial management of the construction site;
and, finally, a better integration of prevention in the work planning.

Keywords Site management + Health and safety - BIM

1 Introduction

1.1 Overview

The new Information and Communication Technologies (ICT) have brought about
several technical and scientific advancements to the Architecture, Engineering and
Construction (AEC) field. Using this new technology, namely Building Information
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Modelling (BIM), for the Occupational Health and Safety (OHS) theme is justified
by four key-factors as follows described:

1. Despite several positive evolutions in the construction processes, a large number
of accidents at work and occupational diseases continue to occur;

2. Prevention is not always a priority, increasing the risk of accidents at work and
occupational diseases. As safety should always be of prime importance, regardless
of deadlines and economic interests, a change of mind-set is needed (Tender et al.
2015);

3. The AEC sector is experiencing changes influenced by the need to improve the
methods employed in undertaking ever more complex projects with increasingly
strict budgets, faster pace of construction and higher quality. BIM tools have
become increasingly important as an integrated management tool in the develop-
ment of Architecture, Structures, and Mechanical, Electrical, Plumbing (MEP)
project designs, given their proven advantages (Tender et al. 2018b). The authors
of this paper developed and validated BIMSafety concept and shared results
through a real case study, one of the first in Portugal (Tender et al. 2018a). In
this paper, it is claimed that “in the future, studies should be conducted to verify
the applicability of “BIMSafety” to other components of the Health and Safety
Plan and the Technical File”. This will be one of the objectives of this chapter;

4. For legal and regulatory reasons: Considering the general principles of prevention
set forth in the current legislation, attention must be given to the state of the art,
namely at the level of ICT.

From all the above reasons, it is clear to see that mechanisms and tools must be
created to overcome the identified gaps. To solve the mentioned gaps, this research
has as main purposes analysing the implementation of BIM 3D, 4D and 5D for
construction site planning and management using in a real case with a verification
by survey. Research question were so established: in terms of planning OHS in a
construction site, is it BIM 3D, 4D and 5D better than the traditional method?

This section has provided an outline of the context of the study and the technical-
scientific gaps. The following sections provide an overview of the relevant literature
(Sect. 1.2), the presentation of methodology which includes the details of case study,
mainly in terms creation of the BIM model and the survey procedure that was imple-
mented for validating the approach (Sect. 2), the results and its discussion (including
its limitations), demonstrating its feasibility and effectiveness (Sect. 3) and the con-
clusions of the research and future trends (Sect. 4).

1.2 BIM and OHS Risks Prevention

Nowadays, from the analysis of the studies already conducted, it can be concluded
that BIM appears to be a valid instrument for the planning of OHS risks prevention
(Tender et al. 2017). Below you can find a brief historical review of the main studies
already carried out in this field.
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Akinci studied the applicability of BIM 4D to safety on site by studying the
spaces and accessibility to different workplaces (Akinci et al. 2002a, b, c). Winch
used BIM to analyse the concept of “critical areas” trying to optimize the spaces
intended for workers (Winch and North 2006). Kim used BIM for temporary equip-
ment planning (Kim and Ahn 2011). Azhar and Behringer performed walk through
workplace simulations and risk rendering at the design phase (Azhar and Behringer
2013). Ganah focused on safety planning in a BIM environment (Ganah and Goud-
fard 2015). Kumar has focused on construction sites with limited available space
and on the management of materials therein, and developed a software to optimize
material distribution, thus optimizing construction site space management (Kumar
and Cheng 2015). Kim added the automation of cost estimates for materials, safety
equipment, and scaffolding (Kim et al. 2016). Trani implemented BIM 4D to study
the different levels of detail for the various construction site elements (Trani et al.
2015). Biagini applied BIM in a church restoration work, analysing the impact of
the tower crane on the neighbourhood as well as the scaffolding used (Biagini et al.
2016). Ji focused on automating the assessment of tower crane collision risk (Ji and
Leite 2018).

It should be noted that Publicly Available Specifications (PAS) 1192-6 stresses
the improvement of the skills of the designers, a direct opportunity to improve risk
mitigation, as well as the need to equate the use of 3D and 4D to support the devel-
opment of safe methods, including implications for work at height, temporary work
(The British Standards Institution 2018).

Construction site management, an element to be included in the HSP, is very
important for the correct logistics management of the work, due to its financial
impact and dynamic nature, and to the risks it creates for workers and third parties.
However, the management of time and space in the construction site is not always
very systematic (Choe and Leite 2017), often because of the limitations that two
dimensional drawings present.

2 Materials and Methods

2.1 Research Framework

The goal of this research is to analyse the feasibility of using BIM (in its dimen-
sions 3D, 4D and 5D) for planning the construction site using a real case study.
A comprehensive research methodology, although simple but criteriously chosen in
order to assure an adequate and fruitful research, was established (based in literature
review) and consists in four major phases: applying 3D modelling for tridimensional
visualization, applying 4D for simulating evolution of construction site planning,
testing 5D for cost estimation and implementing a survey (to construction experts)
for validating the approach. The use of a combined and user friendly methodology
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with analysis of real case and an expert’s survey should ensure that this approach is
based on correct assumptions.

2.2 Case Study

The case study chosen concerns a construction project of a multifamily building in
the urban centre of Porto, in an area with a high density of construction and movement
of people. OHS analysis will be applied to this case study utilizing BIM tools, with
the objective to highlight the advantages of a new method of managing safety in
the Portuguese construction industry. Subsequentially, the advantages of this new
application will be validated by a survey, with a panel of 31 experts. It was fairly
hard to find a work to serve as a case study, because BIM is not yet commonly used
in Portugal in this type of works. This research was developed during the design and
construction phases and BIM approach was only applied to OHS issues.

2.3 Collaborative Environment and 3D Approach

The collaborative environment used during this study was the “VIEWPOINT FOR
PROJECTS” platform. The software chosen for building modelling was Autodesk
Revit. The model was loaded and superimposed on a point cloud survey (a tool
increasingly used as a facilitator of the planning of the work (Azhar and Behringer
2013)), obtained from photogrammetry using an UAV (unmanned aerial vehicle), so
that the survey would provide not only information on the terrain topography but
also on the buildings that make up the block, for a correct analysis of the building’s
impact on its immediate surroundings (New York County Buildings 2013). The final
result of the general modelling of the construction site is shown in Fig. 1.

For planning simulation (4D), Autodesk Navisworks. For this purpose, a video
was made with a simulation of the evolution of the construction site assembly: as the
dates would advance, the tasks being carried out were mentioned and the percentage
of the work done could be seen every day. This typ